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Abstract 
Pinworms infected Ancestral Pueblo populations since early periods of occupation 
on the Colorado Plateau. The high prevalence of pinworm found in these popula-
tions was correlated with the habitation style developments through time. However, 
in previous studies, Turkey Pen Cave, an early occupation site, and Salmon Ruins, a 
late occupation site, exhibited prevalences that were anomalously low, suggesting 
that these sites were outliers. Alternatively, it is possible that the previous quan-
tification method was not successful in detecting the real prevalence and eggs per 
gram, which led to inexact interpretations. The aims of this study were to verify if 
previous pinworm prevalences for Turkey Pen Cave and Salmon Ruins were under-
estimated. In addition, new analyses were added to the data set. Two latrines from 
Aztec Ruins, a Pueblo III occupation never studied before, were sampled and studied. 
We applied the pathoecology concept and descriptive/comparative parasitological 
statistical parameters. Human coprolites were weighed and rehydrated along with 
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introduced exotic Lycopodium tablets and screened through 250-μmmesh. Parasite 
eggs and Lycopodium spores were quantified and eggs per gram were estimated for 
each sample. Parasitological statistical parameters were calculated at Quantitative 
Parasitology 3.0 software. Pinworm was the only parasite recovered in all sites. The 
prevalences observed in early and late occupation sites refute previous correlation 
with habitation style. This study indicates that the previously estimated prevalences 
were underestimated, which interfered in the accurate interpretation on Ancestral 
Pueblo pinworm infection. This study reveals a new paleoparasitological panorama 
of pinworm infection in Ancestral Pueblo populations. 
Keywords: Pinworm, Paleoepidemiology, Quantification, Ancestral Pueblo 
Introduction 
Parasitologists have long studied archeological remains in the arid 
west of North America (Bryant and Reinhard 2012; Fry 1977, 1980a, 
b; Fry and Hall 1969; Fry and Moore 1969; Hugot et al. 1999; Moore 
et al. 1969; Morrow and Reinhard 2016, 2018; Reinhard 2008a, b; Re-
inhard and Bryant 2008; Reinhard et al. 1987). Throughout these five 
decades, research has focused on the ecology of human–parasite in-
teraction. Distinct periods are represented in this development, begin-
ning with an early exploration period, followed by geographical com-
parison of infections and concluding with an archeology/parasitology 
synthesis in the form of pathoecology (Reinhard and Araujo 2012). 
Most recently, the epidemiological significance of infection was estab-
lished by applying the pathoecology concept (Camacho et al. 2018a; 
Morrow and Reinhard 2018; Reinhard and Bryant 2008). Pathoecol-
ogy is the study of the environmental and cultural factors that influ-
ence infections and disease emergence (Reinhard 1974; Reinhard and 
Bryant 2008). The application of this concept contributes to the inter-
pretation of the ecological factors involved in the manifestation and 
maintenance of infections in ancient populations. Along with patho-
ecology, parasitology started to apply quantification methods so it can 
improve the interpretative potential of the parasitological evidence 
(Camacho et al. 2018a; Reinhard 2017). However, quantification meth-
ods are only applicable in archeological sites that exhibit excellent 
preservation conditions. Fortunately, archeological sites in the North 
American deserts often present exceptional preservation conditions 
and offer the opportunity to verify the epidemiological meaning of in-
fection in these populations (Fugassa et al. 2011; Reinhard 2008a, b). 
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Furthermore, with these data, there is a potential to connect the ep-
idemiology of ancient populations’ infections with modern epidemi-
ological data. In this way, we can compare and contrast the infection 
of ancient people with those of modern people. Thus, we can envis-
age the parasite patterns of ancient people who have subsistence and 
technology unlike any existing peoples today. This can be important 
to help predict epidemiological sceneries related to the emergence or 
reemergence of infections in modern populations. 
Parasites usually exhibit an aggregated distribution in host pop-
ulations (Crofton 1971). Parasite aggregation is characterized when 
most hosts present very low parasite burdens and few hosts present 
very high burdens (Shaw et al. 1998). The most common way to verify 
parasite distribution is to calculate the variance to mean ratio (VMR), 
which is a measure used to quantify if a set of observed occurrences is 
aggregated or dispersed, compared with a standard statistical model 
(Rózsa et al. 2000). This estimative is the statistical parameter used 
to compare ancient with modern parasitological data (Rácz et al. 2015; 
Reinhard and Buikstra 2003). If ancient parasite distribution is also 
found to be aggregated, then we can consider that both epidemiolog-
ical scenarios are probably equivalent and present similar determi-
nants of infection (Reinhard and Buikstra 2003). In this study, we are 
applying this approach as we attempt to demonstrate that archeolog-
ical data can be comparable with contemporary epidemiological data 
to reveal unique ancient patterns of transmission. 
Pinworm is a common parasite in Ancestral Pueblo populations 
(Reinhard et al. 2016). Variable prevalences were observed in sites 
from early (Basketmaker II—0 to 400 AD) to late (Pueblo III—1020 to 
1350 AD) occupations, which were associated by Hugot et al. (1999) 
with the architecture styles used by these populations through time. 
The researchers’ hypothesis was that small villages with no stone-
wall constructions (Basketmaker II) would have the lowest pinworm 
prevalences, whereas large villages with stonewall constructions in-
side caves (Pueblo III) would have the highest (Hugot et al. 1999). In 
previous studies, Turkey Pen Cave, located in Grand Gulch, Utah, a 
Basketmaker II site had 29% of pinworm prevalence. Salmon Ruins, 
located in Bloomfield, New Mexico, a Pueblo II to Pueblo III site, pre-
sented 8% of pinworm prevalence. These sites’ architecture style and 
the pinworm prevalences observed indicate that they represent a con-
trast to Hugot et al.’s (1999) hypothesis (Reinhard 2008a). 
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The estimation of prevalence of infection can be achieved by apply-
ing a quantification method that allows not only to assess this param-
eter but also to calculate eggs per gram (EPG). Thus, it is possible to 
apply parasitological statistics in order to study the impact of infec-
tion on ancient populations (Reinhard and Buikstra 2003). The quan-
tification method applied in all Ancestral Pueblo sites involved the ad-
dition of Lycopodium tablets and the microscopic analyses in which 
parasite eggs and spores were quantified (Camacho et al. 2018a). Pre-
vious studies counted 25 Lycopodium spores to standardize quantifica-
tion (Reinhard 1992). The goal of this approach was to identify infec-
tions likely to have provoked symptoms. After reaching this number 
of spores, coprolite analysis was considered complete, and the sam-
ple was identified as positive or negative for parasites and likely to 
have associated symptoms. More recently, as the pathoecological ap-
proach emerged, the analysis goal was to identify all infections requir-
ing the counting of more spores. Morrow (2016) tested different min-
imum values of Lycopodium spore quantification (25, 50, 100, 200, 
and 500) in order to verify the accuracy of the diagnosis. She observed 
that samples quantified using 25, 50, and 100 minimum values of Ly-
copodium spores yielded differences in the number of positive and 
negative samples for parasite egg. However, when quantification was 
based on 200 and 500 minimum spore counts, the same values of pos-
itive and negative samples were reported. Positive and negative sam-
ple values are translated into frequency of infection/prevalence esti-
mation. Since counting both 200 and 500 spores obtained the same 
prevalence estimation accuracy, Morrow (2016) suggested a minimum 
count of 200 Lycopodium spores. Based on Morrow’s (2016) conclu-
sion, we hypothesized that previous pinworm prevalence estimation 
for Ancestral Pueblo populations are underestimated (Reinhard 1992). 
Considering these arguments, in this study we verify if previous 
pinworm prevalences of infection in Turkey Pen Cave and Salmon Ru-
ins were underestimated, by applying the minimum of 200 Lycopo-
dium spore quantification method in the same samples analyzed in 
previous studies. We also verify parasite infection in two latrines of 
Aztec Ruins (rooms 219 and 225), a Pueblo III occupation site never 
studied before. With the data obtained, we investigate the pathoecol-
ogy of pinworm infection in these sites and apply descriptive and 
comparative parasitological statistical parameters, including the VMR 
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estimation in order to discuss the epidemiological impact of pinworm 
infection in these populations and the possible comparison with con-
temporary epidemiological data. 
Materials and methods 
Human coprolites from three Ancestral Pueblo archeological sites, 
dated from different periods, were analyzed in the present study. Sam-
ple selection was based on criteria established by Reinhard (2008a) 
and later discussed by Reinhard (2017) and Camacho et al. (2018a) to 
diversify coprolites in sites with latrines that contain large amounts of 
samples, which is the case for the sites studied in this research. These 
authors explain that when sites have large amounts of coprolites pre-
served in latrine environments, one can obtain samples from differ-
ent proveniences and, in this way, increase the chances of selecting 
coprolites from different individuals. The definition of provenience is 
based on different strata, levels, and grid squares identified during ex-
cavations. In order to be sure that diversified samples were collected 
in this study so population parasitological parameters could be esti-
mated, for example prevalence, sample selection was performed ac-
cording to these criteria. 
Turkey Pen Cave is a rock shelter located in Grand Gulch, Utah 
(Fig. 1). It represents the first period of Ancestral Puebloan occupa-
tion, known as Basketmaker II, and it is dated between 73 and 181 AD. 
The Ancestral Puebloan population living in Turkey Pen Cave was al-
ready relying on maize horticulture as the main diet source (Matson 
and Chisholm 1991). From this site, thirteen coprolites were analyzed. 
Salmon Ruins and Aztec Ruins (Fig. 1) represent a more recent period 
of occupation and were built by the Chaco Culture between 1000 and 
1200 years AD, when the Late Pueblo II and Early Pueblo III were pres-
ent in this region (Vivian and Hilpert 2012). 
Salmon Ruins is a Chaco outlier community located by the San Juan 
River, in Bloomfield, New Mexico. It is composed by several small ru-
ins and a Great House that had 150 rooms in the ground floor and 
nearly 100 rooms on the second floor (Fig. 2). It was built between 
1088 and 1100 AD and abandoned by the Chaco occupation around 
1130 AD (Vivian and Hilpert 2012). A second Mesa Verde Ancestral 
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Puebloan occupation began at 1180 AD. This population remodeled 
most of the Great House construction and used it as burial place, 
storage, ritual place, and latrine (Vivian and Hilpert 2012). For this 
study, 67 coprolites were collected from the only remaining latrine, 
room 62W. 
Aztec Ruins is the largest Chaco outlier community, and it is located 
in the junction of the San Juan and Animas Rivers, in Aztec, New Mex-
ico. It is a complex of ruins, in which the West Ruin, a Great House 
with 400 rooms is the best studied and excavated (Fig. 3). For rea-
sons that are not clear, the Chaco population abandoned Aztec Ruins 
by 1275 AD and a subsequent occupation by a Mesa Verde population 
is evidenced by ceramics and burials. The Mesa Verde population used 
the West Ruin as a burial, storage, ritual place, and latrine (Vivian and 
Hilpert, 2012). Until now, archeologists found two latrines, rooms 219 
and 225, from which 21 and 22 coprolites were collected, respectively. 
In this study, samples from these latrines were analyzed separately, as 
Fig. 1 Map demonstrating the geographical location of Turkey Pen Cave, Salmon Ru-
ins, and Aztec Ruins. Modified from Doyel (1992). 
C a m a c h o  &  R e i n h a r d  i n  A r c h a e o l .  &  A n t h r o .  S c i .  1 2  ( 2 0 2 0 )       7
representative of two populations, since taphonomic conditions and 
dietary data point to different preservation and food consumption in 
these latrines that suggest that they were used by different groups or 
populations (Camacho et al. 2018b; Reinhard et al. 2019). 
Individual protection equipment and disposable material were used 
to collect coprolites individually in order to avoid contamination. Cop-
rolites were stored in individual airtight plastic bags in environmental 
temperature and transported to the Pathoecology Lab, School of Nat-
ural Resources, University of Nebraska-Lincoln, USA. Since coprolites 
are a unique evidence, there is always a concern about the conserva-
tion of part of the sample so that it can be preserved for future anal-
yses. When possible, the standard amount of sample analyzed in an-
cient parasitological analyses is 5 g (Dufour and Le Bailly 2013). This 
amount of sample is considered for larger coprolites, in which part of 
Fig. 2 Schematic drawing of Salmon Ruins Great House at the second period of oc-
cupation. The black arrow indicates the only remain latrine, room 62W. The dotted 
arrow indicates the location of the elevated kiva. Source: San Juan County Archeo-
logical Research Center and Library. 
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the sample can be conserved after processing 5 g. However, in some 
occasions, it is not possible to analyze this amount of sample simply 
because some coprolites collected have less than 5 g preserved. In 
these cases, samples between 1 and 4 g are analyzed, depending on 
the total amount of coprolite (Fugassa 2011; Reinhard et al. 1986). In 
this study, when possible, 5-g samples were processed; however, 1–4-g 
samples were selected in cases where coprolites had smaller weights. 
Part of each coprolite was conserved for future analyses, and these 
remaining samples are stored in the Pathoecology Lab, School of Nat-
ural Resources, University of Nebraska-Lincoln, USA. 
When applying the quantification method based on the introduction 
of Lycopodium spores, Reinhard (2008a) used one tablet, containing 
approximately 12,500 spores, for each gram of coprolite processed. In 
Fig. 3 Schematic drawing of Aztec RuinsWest Ruin. The black arrow indicates the 
location of the first latrine, room 219. The dotted arrow indicates the location of 
the second latrine, room 225. Source: Aztec Ruins National Monument New Mexico. 
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this study, the same method was applied. After weighing the samples 
and transferring them to 50-ml plastic tubes with screw caps, 1 Lyco-
podium tablet (batch no. 12496) was added to 1-g samples, two tablets 
were added to 2-g samples, three tablets were added to 3-g samples, 
four tablets were added to 4-g samples, and five tablets were added 
to 5-g samples. Coprolites were then rehydrated in 0.5% trisodium 
phosphate (Na3PO4) aqueous solution, enough to cover the samples 
inside the tubes, during 24 h (Callen and Cameron 1960). Two hun-
dred microliters of 40% hydrochloric acid (HCl) were added to en-
able the tablets and some of the mineralized coprolites to dissociate 
(Reinhard et al. 2008). 
After the rehydration process, each sample was vortexed during 40 
s and immediately poured through a 250-μm mesh placed in a 50-ml 
beaker, in order to separate the macro- from the micro residues. Dis-
tilled water and a metal spatula were used to disaggregate the macro 
residues in the mesh. Alcohol was added to avoid microorganism pro-
liferation. The macro residues were dried at room temperature. Af-
ter this process, each sample macro residue was stored in individual 
Whirl- Pak® plastic bags for dietary analyses (Reinhard et al. 2019). 
The micro residues in the beakers were pipetted into 50-ml graduated 
plastic tubes with screw caps. Drops of each sample were pipetted to 
microscope slides, mixed with glycerin and cover slipped. The slides 
were analyzed at × 100 and photographs were taken at × 400 mag-
nification. A minimum of 200 Lycopodium spores was quantified for 
each sample, along with any parasite eggs found during these analy-
ses (Morrow 2016). 
To calculate the EPG of coprolite, we applied the following formula 
(modified for parasite eggs) (Pearsall 2016): EPG = [(p/m) × a] / v, 
where p is the number of parasite eggs counted, m is the number of 
Lycopodium spores counted, a is the number of Lycopodium spores 
added, and v is the quantity of sample processed. Descriptive and com-
parative statistics were calculated at the Quantitative Parasitology 3.0 
software by using the parameters described and recommended by 
Reiczigel and Rózsa (2005) and Rózsa et al. (2000). For descriptive 
statistics, prevalence, mean intensity, median intensity, mean abun-
dance, and VMR were calculated (Rózsa et al. 2000). The prevalence 
indicates the proportion of positive samples in all coprolites analyzed. 
The mean intensity indicates the mean number of parasite eggs found 
in the positive coprolites. The median intensity indicates the median 
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number of parasite eggs found in the positive coprolites. The mean 
abundance indicates the mean number of parasite eggs found in all 
coprolites (Rózsa et al. 2000). 
To estimate the parasite distribution in each site (population), VMR 
was calculated, and the results were interpreted as follows (Bush et 
al. 1997; Ludwig and Reynolds 1988): VMR < 1, under dispersed (bi-
nomial distribution); VMR = 0, not dispersed (constant random vari-
able); VMR = 1, Poisson distribution; and VMR > 1, aggregated distri-
bution. Prevalence comparisons between all sites were made by using 
χ2 and Fisher’s exact test (P< 0.05). Prevalence was also compared be-
tween each site (one site with the other) by using the same statistical 
tests. Comparison between these groups’ mean intensities and mean 
abundances was made by applying the Bootstrap test (P< 0.05), and 
comparison between the median intensities observed was made by ap-
plying Mood’s median test (P < 0.05) (Reiczigel and Rózsa 2005; Rózsa 
et al. 2000). The Bootstrap test of mean intensities and mean abun-
dances was made by comparing one site with the other. The Mood’s 
median test was made by comparing all median intensities observed 
in the sites (Rózsa et al. 2000). 
Results 
The results indicate that Ancestral Puebloans from all the sites stud-
ied were infected by Enterobius vermicularis and only by this helminth 
parasite. Descriptive statistics for each site is demonstrated in Table 
1. In Turkey Pen Cave, five of 13 samples were positive, representing 
38.5% of the prevalence. In Salmon Ruins, 22 (32.8%) of 67 samples 
had pinworm eggs. In Aztec Ruins room 219, only 3 (14.3%) of the 21 
samples were positive, the lowest prevalence found. The higher prev-
alence (72.7%) was observed in Aztec Ruins room 225, where 16 of 
22 samples were positive. The EPG values indicated a high number 
of eggs in some samples compared with most of the other coprolites 
analyzed (Fig. 4). 
A statistical comparison of prevalences of infection indicates that 
there is a statistically significant difference between the prevalences 
of all of the studied sites (χ2 and Fisher’s exact tests, P = 0.00). The 
comparison of the prevalence between the Ancestral Pueblo popu-
lations indicated statistically significant differences for some sites. 
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Aztec Ruins room 225 prevalence was higher when compared with Az-
tec Ruins room 219 and Salmon Ruins (χ2 and Fisher’s exact test, P = 
0.00), but not with Turkey Pen Cave (χ2, P = 0.05; Fisher’s exact test, 
P = 0.07). Comparisons between Salmon Ruins and Turkey Pen Cave 
(χ2, P = 0.69; Fisher’s exact test, P = 0.75) and Salmon Ruins and Az-
tec Ruins room 219 (χ2, P = 0.10; Fisher’s exact test, P = 0.16) preva-
lences indicated no statistical difference. 
Table 1 Descriptive statistics calculated for Turkey Pen Cave, Salmon Ruins, Az-
tec Ruins room 219, and Aztec Ruins room 225 sites (populations), including prev-
alences, mean intensity, median intensity, mean abundance, and VMR concerning 
pinworm infection 
Data   Sites 
 Turkey  Salmon Aztec Ruins Aztec Ruins 
 Pen Cave Ruins  Room 219 Room 225 
 (n = 13) (n = 67) (n = 21)  (n = 22) 
Prevalence  38.5%  32.8%  14.3%  72.7% 
Mean intensity  494.93  701  138.92  403.54 
Median intensity  93.0  166.5  61.0  145.0 
Mean abundance  190.492  230.179  19.857  293.545 
VMR  943.03  3961.29  708.29  216.87 
VMR, variance to mean ratio 
Fig. 4 EPG estimated for Turkey Pen Cave, Salmon Ruins, Aztec Ruins room 219, 
and Aztec Ruins room 225 coprolite samples. 
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When comparing the results of mean intensity, no statistical sig-
nificant difference was found. The P values obtained were the fol-
lowing: P = 0.65 for Salmon Ruins and Turkey Pen Cave; P = 0.45 for 
Salmon Ruins and Aztec Ruins room 225; P = 0.27 for Salmon Ruins 
and Aztec Ruins room 219; P =0.74 for Aztec Ruins room 225 and Tur-
key Pen Cave; P=0.19 for Aztec Ruins room 219 and Turkey Pen Cave; 
and P=0.10 for Aztec Ruins room 219 and Aztec Ruins room 225. This 
means that the number of parasite eggs was not significantly differ-
ent when comparing the positive coprolites found in each site. 
The comparison between the mean abundances was also not sta-
tistically significant. The P values obtained for each analysis were the 
following: P = 0.82 for Salmon Ruins and Turkey Pen Cave; P = 0.68 
for Salmon Ruins and Aztec Ruins room 225; P = 0.23 for Salmon 
Ruins and Aztec Ruins room 219; P = 0.51 for Aztec Ruins room 225 
and Turkey Pen Cave; P = 0.15 for Aztec Ruins room 219 and Tur-
key Pen Cave; and P = 0.05 for Aztec Ruins room 219 and Aztec Ru-
ins room 225. This means that the number of parasite eggs found in 
each site was not significantly different when comparing all the cop-
rolites analyzed. The comparison between all median intensities was 
also not statistically significant (P = 0.93). This means that the typi-
cal level of infection was not significantly different when comparing 
the positive coprolites found in each site. Parasite distribution analy-
sis showed substantial aggregation in all archeological sites. Results 
demonstrated that VMR values were considerably greater than 1 for 
all sites (Table 1). 
Discussion 
This study demonstrates the highest prevalences of pinworm in-
fection found in the Ancestral Puebloan populations. The prevalences 
observed in Turkey Pen Cave (38.5%) and Salmon Ruins (32.8%) 
were higher than the ones observed in previous studies, especially 
for Salmon Ruins. These results corroborate with the hypothesis that 
previous pinworm prevalence estimation for Ancestral Pueblo popu-
lations are underestimated due to the quantification method applied 
which established a minimum of 25 Lycopodium spores to count. 
Since this hypothesis was confirmed, it is important to reevaluate 
this epidemiological scenario for all previously analyzed Ancestral 
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Pueblo sites in order to establish the real impact of intestinal para-
site infections in these populations. 
This analysis supports the previous conclusion that Ancestral 
Pueblo people were heavily infected with pinworm. The standard tech-
nique applied to diagnose pinworm infection is the cellophane tape 
pressed against the perianal region and analyzed under a light micro-
scope. Pinworm females deposit very few eggs in the host intestine, so 
fecal analysis usually results in false negatives (Roberts et al. 2013). 
Only 5% to 10% of the individuals parasitized with E. vermicularis 
show eggs in their feces (Rey 2008; Roberts et al. 2013). In the pres-
ent study, even with the parasitological analysis of ancient fecal sam-
ples, the prevalences significantly exceeded the values found in the 
fecal samples from contemporary parasitized individuals. This dem-
onstrates that the sample processing and quantification methods ap-
plied in this study were efficient in recovering parasite eggs from an-
cient samples and estimating the impact of parasite infection in these 
populations. Therefore, we recommend the use of these methods to 
recover data for epidemiological studies of ancient populations. 
Descriptive and comparative statistical parameters calculated for 
all sites demonstrate that for most patterns of infection, the sites’ 
populations were equally highly infected. To interpret these statisti-
cal data, it is also important to consider factors that interfere in par-
asite information, such as taphonomy (Morrow et al. 2016; Camacho 
et al. 2018b). The sites studied are located in arid areas that explain 
excellent preservation in most of them. Turkey Pen Cave is charac-
terized by a rock shelter which is an environment considered to be 
the best to preserve micro residues such as parasite eggs; therefore, 
its prevalence estimation and other statistical parameters calculated 
probably correspond to the reality found in ancient times. However, 
as demonstrated by Camacho et al. (2018b), coprolites from the Great 
Houses Salmon Ruins and Aztec Ruins room 225 presented excellent 
egg preservation, but parasite eggs in coprolites from Aztec Ruins 
room 219 were badly preserved, representing a variation on preser-
vation in these sites. According to the authors, mite predation was 
probably the main responsible for the low prevalence found in Az-
tec Ruins room 219. The degradation of the eggs consequently in-
fluenced the prevalence estimation and the calculation of the other 
statistical parameters. Nevertheless, the prevalence found in Aztec 
Ruins room219 is considered high when compared with the usually 
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5% to 10% of modern parasitized individuals that present pinworm 
eggs in their feces. 
The high prevalence is especially remarkable when one considers 
that pinworm eggs rapidly die in arid environments such as the des-
erts of western North America. Experimental hatching of eggs after 
exposure to aridity provided these data: 6-h drying resulted in 67% 
viability, 12 h produced 53% viability, 24 h produced 33% viability, 
2 days produced 22% viability, 3 days produced 15% viability, and 5 
days produced 0% viability (Hulínská 1974). Pinworms retain higher 
viability in humid climates and are susceptible to desiccation-induced 
egg death in aridity. In arid climates, pinworm eggs need to achieve 
infection before inevitable desiccation. Therefore, the Pueblo persis-
tent pinworm parasitism had to have involved infection that overcame 
in some way the egg susceptibility to desiccation. 
Both Basketmaker II (0–400 AD) and Pueblo III (1020– 1350 AD) 
periods of occupation were equally highly infected, and this is prob-
ably due to the lifestyle adopted by these populations. Hugot et al. 
(1999) suggested that pinworm infection in Ancestral Pueblo sites 
correlated with the architecture style adopted by each period of occu-
pation, with the early occupations presenting the lowest prevalences 
and the recent occupations, the highest. Reinhard et al. (2016) also 
consider this hypothesis. However, in the present study, the results 
indicate that all periods of occupation and styles of habitation were 
highly infected by pinworms. 
Humidity in habitations could have been a key feature that pro-
moted pinworm transmission. The increased humidity of rooms, com-
pared with the surrounding desert, can be felt in intact rooms, such 
as those along the back wall of Aztec Ruins West Ruin. It would be 
worthwhile to measure the humidity within these rooms compared 
with the outside humidity to get a baseline figure for the inherent po-
tential of Pueblo room construction in humidifying the Pueblo envi-
ronment. The humidity trapped in multistoried Pueblos of 100 rooms 
could have been substantial. Rooms used for communal activity such 
as kivas, mealing rooms, cooking areas, and sleeping areas could have 
made ideal pinworm nidi. 
At the peak of its occupation, Salmon Ruins had 300 people liv-
ing in the Great House, which have approximately 250 rooms. Not 
all of the rooms were used as habitation, since they also had ritual, 
burial, and storage functions. This fact leads us to presume that people 
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congregated in these rooms, thus facilitating the airborne kind of 
transmission. Rituals happened in plazas or in kivas. Kivas are round 
constructions with ventilation systems. Time spent inside a kiva prob-
ably contributed to the spread of pinworm infection in this popula-
tion. The same can be said about Aztec Ruins, despite the fact that the 
second occupation did not use the West Ruins Great House as habita-
tion. This site was inhabited by between 700 and 1000 people (Lister 
and Lister 1987). The ritual constructions continued to be used, thus 
facilitating pinworm transmission and maintenance. 
Other factors that need to be discussed are the hygiene habits ad-
opted by these populations. Previous observed pinworm prevalence 
for Salmon Ruins raised this discussion. Pinworm epidemiology is 
correlated to temperate climate and to hygiene habits. Bathing and 
frequency of clothing change are cited as protective against pin-
worm infection (Rey 2008). In Salmon Ruins, Bohrer (1980) spec-
ulated on the production of soaps by Salmon Ruins inhabitants us-
ing Yucca roots. All other components of this plant were found in 
this site, except for the roots, thus leading to this hypothesis. The 
higher pinworm prevalence found in the recent study suggests that 
hygiene habits were maybe not as good as we thought, at least when 
considering pinworm transmission. Maybe this population simply 
chose to use Yucca roots for other purposes or not use it at all. The 
fact is that the conception of hygiene in this population was modi-
fied by the recent study. 
We believe that earlier Basketmaker II pithouses would have served 
as a nidi for infection as described for kivas. The pithouses, like kivas, 
were designed to promote air circulation via smoke holes, deflectors, 
and air drafted in from the antechamber. As habitations for extended 
families, these structures would have made all people susceptible to 
airborne and person person contact. 
Our data indicate that the most highly infected individuals may 
have experienced impaired health (Roberts et al. 2013). Roberts et 
al. (2013) mention that highly infected individuals can present ul-
cerations in the intestine due to the activity of adults to the tissue, 
leading to inflammation and bacterial infection; damage in the peri-
anal area due to scratching; dermatitis due to the presence of eggs in 
this region; and complications due to worm migration to the vagina, 
uterus, and oviducts that can cause the formation of granulomas and 
lead to infertility. 
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The VMR analysis indicates that pinworms were aggregated in these 
Ancestral Pueblo populations. This distribution is generally found in 
modern parasitological studies (Bush et al. 1997; Crofton 1971; Rózsa 
et al. 2000), and the identification of the same pattern found in these 
ancient populations suggests that these data can be compared. This in-
dicates that all environmental and cultural determinants for pinworm 
infection, as discussed in the present study, can be applicable in mod-
ern epidemiological studies. These observations mean that possibly 
other ancient epidemiological studies on other infections could also 
be considered to help understand the modern epidemiology on emer-
gence and reemergence of infections. 
Conclusion 
As noted in the “Introduction” section, the publication of this vol-
ume represents the completion of 50 years of research. We believe 
that our work foreshadows a new revolution in archeological parasi-
tology. This revolution is based on accurate quantification, reliance 
on parasite ecology principles, application of parasite statistical meth-
ods, and refined archeological analysis of past lifestyles. This method 
will result in an understanding of parasite transmission control pat-
terns in remote periods and extinct lifestyles. With the participation 
of archeologists and paleopathologists, we will be able to assess how 
well people adapted to infection through behaviors that controlled or 
exacerbated parasite infection. 
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